This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• JSKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

•__BLACK-OR-WRY-BLAGK-AND -WHITE-DARK-PHOTOS 

• GRAY SCALE DOCUMENTS 


IMAGES ARE BEST AVAILABLE COPY. 


As rescanning documents mil not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


THIS PAGE BLANK (uspto) 


PCT 


WORLD INTELLECTUAL PROPERTY ORGANIZATION 



INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) Intermtkmal Patent Classification 6 : 
A61F 2/06, A61M 25/00 


A2 


(11) International Publication Nam be: 
(43) International Publication Date: 


WO 99/42059 

26 August 1999 06.08.99) 


(21) International Application Number: PCT/US99/03544 

(22) International Filing Date: 19 February 1999 (1902.99) 


(30) Priority Data: 
09/026.106 


19 February 1998 (19.02.98) US 


C71) Applkant: PERCUSURGE. INC. [US/US]; 777 North Pastor ia 
Avenue. Sunryvale, CA 94086 (US). 

(72) Inventors: ZADNO-AZIZl, Gholam-Reza; 8213 Del Monte 
Avenue. Newark. CA 94560 (US). BAGAOISAN. Ceiio. J.; 
4441 Pompon! Street, Union City. CA 94587 (US). PATEL, 
Mulcund. R-; 427 Ridgefarm Drive. San Jose. CA 95123 
(US). MUNI. Ketan, P.; 97 Frontier Trail Drive, San Jose. 
CA 95136 (US). 

(74) Agent: NATAUPSKY. Steven. J.; Knobbe. Martens. Olson & 
Bear. LLP, 1 6th floor. 620 Newport Center Drive. Newport 
Beach. CA 92660 (US). 


(81) Designated States: AL. AM. AT. AU t AZ, BA. BB. BG, BR. 
BY. CA, CH.CN.CU. CZ. DE. DK. EE. ES. FI. GB. CD. 
QE, GH. GM. HR, HU. ID, IU IN. IS. JP, KE. KG, KP. 
KR, KZ, LC, LK, LR, LS. LT. LU, LV, MD. MG. MK. 
MN. MW. MX, NO. NZ. PL. PT. RO. RU. SD. SE. SG. 
SI. SK. SU TJ. TM. TR, TT, UA, UG. UZ. VN. YU. ZW. 
ARIPO patent (GH. GM. KE. LS. MW, SD. SZ. UG. ZW). 
Eurasian patent (AM, AZ. BY. KG. KZ. MD. RU. TJ. TM), 
European patent (AT. BE, CH, CY. DE, DK. ES. FI, FR, 
GB, GR. IE, IT. LU. MC. NU PT, SE). OAPI patent (BF, 
BJ, CF. CG. CI. CM. GA, GN. GW. ML. MR. NE, SN. 
TD, TG). 


Published 

Without international search report and to be republished 
upon receipt of that report. 


(54) Title: OCCLUSION OF A VESSEL 



(57) Abstract 

A device for occluding a vessel employs one of a number of different expansion members joined to one or more elongate members. 
The expansion member msy include a braid, one or more coils, ribs, a ribbon-like structure, a slotted tube, or a filter-like mesh. If the 
expansion member is enclosed by a suitable membrane, the device seals witn the vessel wall to partially or completely occlude the vessel. A 
perforated membrane may be used to permit the perfusion of blood. The expansion member may be self-expanding, or it may be expanded 
by engaging it with one of the elongate members. Alternatively, the expansion member may be expanded by heating ft 
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OCCIUSIM OF A VESSEL 
Background of the Invention 

FttW ef ihn jmmntjon 

Thi mm amnion relate, grafty , 0 the .ccbsien of • mri whhst . pitiB n. and more iperitalty. 
to an apparatus and mathod of parttaBy or completely occkrdnej a vassal 
Description of the Befall t« 

Attempts heratofora hava baan nude to trait occasions in tha carotU arteries lading , 0 lhe Drah . 
However, uth arteries hava baan very difficult to treat because of the posslfty of dislodging plaque which can 
antar various arterial vassals of tha brain and causa parmanam bra. darage. Attempts to treat such occasions 
with balloon angioplasty hava baan very limited baeausi of such dangers. In wrpieal traatmenu. such as 
endorterectomy. tha carotid artery is slit and plaque is removed from the vessel in the slit area Such surgical 
procedures have substantial risk associated with them which can lead to morbidity and mortality. 

In other procedures, such as in angioplasty and 01 the treatment of peripheral arteries and veins, there a 
the possibility that the guide wires and catheters used in such procedures during deployment of the same mey cause 
distodgment of debris or emboli which can flow downstream end cause serious damage, such as stroke, if they 
oecajde blood flow in smafer vessels. Thus, in summary, embolization and migration of rncro-emboE downstream 
to an and organ is e major concern of cardiologists during catheterizations. 

Thine is therefore need for new end improved apparatus and methods which make it possible to trait 
occfejdad vessels without endangering the patent. 

SBPVTBfY Of the Ipvgntiw 

The present invention satisfies the need for a device that occludes a vessel. 01 particular, a vessel in a 
patient unde-goetg therapeutic or other medical treatment. Any one of a number of different eipension members 
ere pined to one or more elongate members such es hypotubes to form a device that completely or partially ocdudes 
e vessel within a patient. The eipension member may be seU-eipaodsng, h may be expanded by engaging It with 
one of the elongate members, or it may be nested to cause rt to espand. A membrane preferably surrounds the 
eiwnxion muter so that a seal is made between the membrane and the vessel. The perfusion of blood is allowed 
« tha membrane is perforated. Partial occasion may be obtained without a membrane if a suitable eipension 
member is chosen. In general, in one aspect of the present invention, these is provided en epparetus end method 
that can be used with approved diagnostic end therapeutic devices to reduce the chance of emboli ttagrating 
downstream. Alternatively, the eipension member may anchor an intravascular device within a vassal 

One embodiment of the present invention is e device for oceajding a vascular segment, si which the devce 
incajdas an eipension member end first end second elongate members. The feat elongate ranter engeges the 
expansion member, end the second elongate member surrounds the tint elongate member, with the eipension member 
upending to occlude the vascular segment when one oi the elongate members a moved longitudinally. The 
aspansion member preferably inckides a braid, a coi. a ribbon-ike structure, a stoned tube, a ptoratity of As or a 
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fittr-fck* mesh. The device mty also inckidi material that adjoins the expanse* mentor for creatng a partial or 
total seal with the vascular i 


In one particular embedment the expansion member b in an unexpended state when it is surrounded by 
the second elongate member, but expands when the first elongate member is pushed through the second elongate 
member. In another emtadimem, both the first and second elongate members ere secured to the expansion member, 
end the expansion member expands as the first elongate member is retracted. 

Another embodiment of the emotion is a method of occluding a segment within e vessel which includes 
the step of inserting first end second elongate members into the vessel to be occluded (in which the first elongate 
member adjoins an expansion member), folowed by the step of varying the position of at least one of the elongate 
members so that the expansion member expands until the vessel is completely or partially occluded. In one 
embodiment, the varying step includes retracting one of the elongate members, end in another embodiment the 
varying step comprises pushing one of the elongate members through the other elongate member. In yet another 
method cf ocduding e segment within a vessel an expansion member is inserted within the vessel and the expansion 
member is heated to cause it to expand until the vessel is et least partially occluded. Heatsig the expansion member 
may involve, for example, passing electrical current through it or passing warm solution over or near h. 

Brief Description of the Drawing 

FIG. 1 is a srdMlevational view si section of one embodiment of a catheter apparatus incorporating the 
present invention for treatng ocduded vesieix. 

FIG. 2 is a side-eJevationa! view in section simiar to FIG. 1 but showng the apparatus in FIG. 1 with the 
expansion member (in this case, a self-expendable seal) deployed. 

FIG. 3 is a side-eievationai view ti section of another embodiment of a catheter apparatus incorporate 
the present invention for treating ocduded vessels. 

FIG. 4 is a view similar to FIG. 3 but showing the expansion member (in this case, a sett-expandable seal) 

deployed. 

FIG. 5 is a schematic, longitudinal cross sectional view of en embodiment in which a membrane only 
partially surrounds a braid used as the expansion member. 

FIGS. 6A and 6B show end views of unperf orated and perforated membranes, respectively. 

FIG. 7 is a schematic, longitudinal cross sectional view of en embodiment in which a braid without a 
membrane is used. 

FIG. B is a schematic, longitudinal cross sectional view of an embodiment in which a fdterfike mesh is used 
as the expansion member. 

FIG. 9 is a schematic, longitudinal cross sectional view of an embodiment in which e slotted tube is used 
as the expansion member. 

FIG. 10 is a perspective view of the slotted tube used in the embodmnt of FIG. 9. 
FIG. 1 1 is e schematic, longitudinal cross sectional view of en embodiment in wtrich e cofl is used es the 
expansion member, and the proximal end of a memorane surrounding the coi adjoins the coil 
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FIB. 12 c a schematic, iongitudral cross sectmal view of an enftodmm in which a coil a used as the 
txpansbn mmbu. end tha proiimal and cf a membrane surrounding the coi adjoms a Shaath that surrounds both 
tint and aacond elongate members. 

FIG. 12A is an embodmnt simitar to that shown in FIG. 11 h which resimvo heatrrp ts used to expand 
the expansion number, with current bong conducted through wees being attached to either side of the expansion 
member The expansion memoir as shown is partialy deployed. 

FIG. 12B is an embodiment simitar to that shown in FIG. 12A. si which resistive heating is used to expand 
the expansion member, with current being conducted through a wre being attached to tha distal end of the expansion 
member and through e coating on the first elongate member The expansion member as shown is partialy deployed. 

FIG. 13 is a schematic, side cross sectional view of an embodiment in which a plurality of ribbons are used 
as the eipansion member. 

FIG. 13A is an embodiment similar to that shown in FIG. 13. n which a warm solution passes between 
the first end second elongate members to transfer heat to the eipansion member, causing it to expand. The 
expansion member as shown is parted deployed. 

FIG. 13B is an embodiment similar to that shown in FIG. 13A. in which a warm solution passu through 
the first elongate member to transfer heat to the expansion member, causing H to expand. The expansion member 
es shown is pertiaUy deployed. 

FIG. 13C is an embodimem sthlar to that shown in FIGS. 13A and 13B. in which a warm solution passes 
through one or more lumens in tha first elongate member to transfer heat to the expansion member, causing rt to 
expand. The expansion member as shown is pertain/ deployed. 

FIG. 14 is a schematic, side cross sectional view of an embodiment m which a plurality of rfcs are used 
as the expansion member. 

FIG. 15 is an bometnc view of an embodiment of the invention in which e pull wire is used to deploy a 
pkirebty of non-serf-expanding ribbons surrounded by a membrane. 

FIG. IB b a side partial sectional view of the embodiment of FIG. 15 in which the ribbons are in their 
retaied. undeployed position. 

FIG. 17 is a side eievatcnsl view of the embodiment of FIG. 15 in which the ribbons are deployed, and the 
membremi makes a seal with the vesseL 

FIGS. 18A and 18B show tongrtudinaJ and end perspective views, respectively, of a locking mechanism used 
with a wire that deploy* an expansion rnember. 

FIG. 19 is a perspective view of en alternative locking rnechanism used with a wee that deploys an 
expansion rnember. 

FIGS. 20A. 20B. 20C. and 20D show, respectively, a braid, a I irter like mesh, a slotted tube, end e plurality 
of coils, which can be used as alternative eipansion members in place of the ribbons m the embodimem of FIG. 15. 
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DttM Dim-ripon of ttm frrt ptd EmbBdimnm* 
The exports™ members discussed herein induda braids, calls, rio. ribbon-*ki structures. sJattut tubas, and 
flteNike mutes. Than u^xm members may be partialv covered or comely surrounded by a membrane or 
other covering to provide oeek»on or sealing of the vessel As used ha>». '.caW or -»aling". and the Ike. 
man partial or complete blockage of fluid flow in a vaseutor segnant. as it is sometimes preferable to allow 
perfusion. Moreover, such expansion members may be deployed by various mechanical means, electrical moons or 
thermomechanical means, etc- as described herein. Expansion members that are deployed mechanically are preferably 
■spring-Ike" in nature, ie. they are preferably resilient to facitate their deployment or retractieo. 
Catheter Apparatuses end Sfl -Eanandina Brajdj 

One embodiment of a catheter apparatus incorporating the present invention for treating occluded vessels 
is shown In Floras 1 and 2. As shown therein, the catheter apparatus 651 consists of a flexible elongate member 
652 whsh is provided with proxrnal and distal extremities 653 end 854. A conventional adapter 656 is mounted 
on the proximal extremity and is provided with a Touhy-Borst fitting 657 which is in communication with a large 
central lumen 658 extending from the proxeoel extremity 653 to the distal extremity 654. An espiretion fitting 661 
is provided on the adapter 656 as well as an irrigation fitting 662. both of which ere in communication with the 
central lumen 658. However, it should be appreciated that if desired, separate lumens con be provided in the flexible 
elongate member 652 for both of the fittings 661 and 662. 

Self-expanding sealing mechanism 666 is mounted on the distal extremity 654. This~3en-expanding seeing 
mechanic 666 can take any suitable form. For example, as shown it can consist of a braided structure 667 formed 
of e suitable shape memory meter ial such as e nickel titonaan aUoy that wia attempt to expand to a predetwmmed 
shape mumory. Other then shape memory materials, other materials such as stainless steel. Bgitoy'". titanium or 
other materials can be utibed si the braid 667 as long as they have the capability of expands* when the self- 
expanding seal mechanism is released. Also it should be appreciated that the aeff-expending seal mechanism 666 
can be comprised of an absorbent material which when it ibseibs saine or Wood expands to form e seaL Such 
saab can be readily accomplished beceusa it is only necessary to form a seal of approximately 1.5 psi to prevent 
smell particles from moving downstream. 

In order to prevent obresion of e vessel, it a desirable to cover the braided structure 667 with e covering 
666 of e surteble materiel such as a polymer or a biocompattte coating which extends over the braided structure 
867 end which moves with the braided structure 667 es it expands end contracts. The polymer can be of a suitable 
material such as sieone. Cflex. polyethylene or PET which would lorm a good sealing engagement with the wall 
of the anery. The coveting 668 may be perforated to allow perfusion. 

A mechanism is provided for compressing the saU-eipanding saaing mechanism 666 so that the apparatus 
can be inserted into the vessel 481 and eonsms ot an elongate sleeve 771 have* proximal and distal extremes 
772 and 773 end a bore 774 extending from the proximal extremity 772 to the distal extremity 773. A color 778 
is mounted on the proximal extremity 772 of the sleeve 77 1 and is positioned neer the adapter 656. The cottar 776 
serves ai a mechanism lor retracting the sleeve es shown in Figure 2 to uncover the self-expanding sealing 
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macfcaoam 666 .tor the catheter hu been deployed tocorrmrh, ......spand* suing mechanrsm 666 to M 

and fern, a seal with the aneriai vessal adiacant tha it mora to be treated. 

Another embodiment of a nth.t.r apparatui for treating occluded vessel* incorporating the proem 
iirantion a shown in Figures 3 and 4. A, shown therein, the apparatus 761 comma o< a puking catheter 782 
haeing Frarimal and dotal ertremrtiu 783 and 784. As shown, the distal extmohy 784 is provided with a pre- 
formed bend of e conventional type A conventional attachment 786 is mounted on tha present astrenity 783. 
SeH-eapanding sul mechanism 791 is mounts on tha distal extxamrty 784 end b of the type hereinbefore deserted 
m connection with the embodiments shown in Figure, 1 , nd 1 A sleeve 796 shfer to the sleev. 771 of the 
previous embodnwnt is provided h the present embody for encasing the self^sprtinp seal mechanism 791 end 
for releasing the same after it has ben disposed in en appropriate position within a vessel adjacent the ocdusron 
to be treated. Thus, e sleeve 796 is provided having prosimal and distal estremities 797 end 798 and having a bore 
799 minding from the prosimal estremity to the distal estramity which is sited so that it can receive the guide 
catheter 782. It is provided with e caller 801 on its prosenal astrerrmy which is edepted to be disposed outside 
the patient and which is adapted to be grasped by the physician for puling the sleev. 796 prosimaVy to uncover 
the .expanding seel 791 after the apparatus has been deployed to permit the selUspanson ,f the sealing 
mechanism 791 to torm a seal with the vessel wall as shown ei Figure 4. 

In accordance with the hereinbaf ore described descriptions, it is apparent that the apparatus can be reedily 
deployed and serve the same function as the main catheter. To accomplish this, tha asserrddy 781 can be introduced 
into the fonoral enery end the distal estremity advanced into the deseed location o> the arterial vessel After it 
has been properly positioned, the physician can retract the sleeve 796 to permit the self-eipending seel mechenism 
781 to upend and to form a seal with the wall of the erterial vessel to occkjde the aneriai vessel and eiterrupt 
the flow of blood in the vessel to provide . working space distal of the occasion formed. This prevents smel 
parteles which may tt.ere.fter be dislodged from moving downstream Since a centre! knwn is available, the 
therapeutic procedures hereinbefore described can be emoloyed with the catheter epperatus shown h Fejires 1. 2. 
3 end 4. 

Although the self -expanding sealing mechanism 666 (791| can be deployed by retracting the sleeve 771 
1796) es previously described, the seaong mechanism cen elso be deployed by pushing the flexile elongate member 
652 (guiding catheter 7821 through the sleeve so that the sealing mechanism can espand. This may be the preferred 
way of deploying the seeing mechenism 666 (791|. if there is ittle elearana between the epperatus 651 (781) and 
the vessel within which the apparatus resides, to reduce the risk of damaging the patient's vessel. As discussed 
below in connection with subsequent figures, the seeing mechanism 666 (791) may eltemativety comprise members 
such es e cod. e ribbon-fike structure, a slotted tube, or e filter-Eke mesh. In eeeh case, the sealing mechanism 
expands to partially or completely occlude the vusel in question, or alternatively, to enchor an intravascular device 
to the vesseL 
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aumaaa seH-Fsnandjnn u***~< 

Another embodrnent using a braided structure it shown schematically in FIG. 5. m which a f iuibla elongate 
member 20 is disposed within a aacend elongate member 24 such as a hypotube. A salt expanding mechanism 28 
such as a biaided etrueture is soured to the distal end ef the elongate member 20. preferably within en indentation 
32 of member 20. The braided structure 28 is only partially ancapsoleted by a preferably elastomers membrane 
36 that makes a seal with the patient's vessel 40. (Alternatively, a coating such as a polymeric coaling may be 
used in place of the membranes disclosed heroin.) In this end the other embodhtents. adhesive may be mad to 
secure the serf-expanding mechanism 28 and the membrane 36 to the elongate member 20. In the embodiment of 
FIG. 5. the braided structure 28 and membrane 38 are designed to be asymmetrical, with more material being 
concentrated at the prosimel side of the structure 28. The braids of the embodiments disclosed heron may be 
steinless steel 304 or 400. superelostic or heat activated NWnot, en eon base shape memory afioy. or e polymer 
base, such as polyethylene or polypropylene. They may be constructed, for exemple. by using standard equipment 
such es e braider. 

Although the embodiment of FIG. 5 shows the fkuliie elongate member 20 connected to a guidtwire tip 
44. other teehnologiss for guiding the device through the petient's vessel 40 may be used in this end the other 
embodinsnts. such es s guidewire (either over the wre or single operator) or the eschange catheter method, es is 
wel known in the ert. Also, although not explicitly shown in the embodiment of FIG. 5 and the other eraboderantt 
herein, these embodiments may inckrie lumens, aspiration and erigatian fittings, and collars ike those Ikistrated n 
FIGS. U. 

The membrane 36 is preferably impervious to the flow of blood (FIG. So) for those applications not requiring 
perfusion, although a perforated membrane 36* (FIG. 6b) having numerous holes 37 therein may be used in other 
applications to allow the passage ol blood. The holes 37 are preferably greater than 10 microns in diameter end 
may be up to 80 microns or more in diameter to permit the passage of blood calls (nominally 6-10 microns in 
diameterl through the membrane 36' while blocking larger parteailatas such as emboli. Likewise, e perforated 
membrams 36* may be used in the other embodiments disclosed herein. Antrthrombogenrc coatings can be used <fcg„ 
heparin) to prevent thrombosis formation. 

FIG. 7 shows en embodiment in which a braided structure 50 is not enclosed by a membrane. When the 
braided structure SO comprises, for example, e diamond mesh pattern in which adjacent wires are separated by about 
10-80 microns, the braided structure permits the passage of red btaod eels, while blocking the flow ol matter that 
may be undesirable. e.g. emboK or other particulates that may be formed or dislodged during medical procedures. 
Thus, this embodiment is wall suited for spoliations lor which perfusion b required. 

Alternative setfmipandmg media are shown in FIGS. 8 and 9. In FIGS. 6 and 9. a self -expanding fitter-tke 
mesh 60 and a salf-expanding slotted tube 72. respectively, ere surrounded by e membrane 62 that is preferably 
alastomeric. The fiftea-like mesh 60 lor slotted tube 72) end membrane 62 are bonded or otherwise secured to a 
flexile elongate member 64. e.g. tD en indentation therein. As with the other serf-expanding media disclosed herein, 
the filter-Ike mesh 60 (or slotted tube 72) expands from its unexpended state when the flexible elongete member 
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64 n pushed through a second elongate member 66. or alternatively, when the second elongate member 66 is 
rewcted over the first elongate memoir 84. The fltetfke mash 60 (or tinted tube 72) then tipandt so that the 
membrane B2 forms a seal with the surrouodng vessel 68. A guidewire to 70 aids in mniing the device through 
the vessel 68. Th. Hter-Gko mesh 60 am) slotted tube 72 are of a suitable shape memory material such as Nirinol 
or 1304 or 40D) stainless steeL The Ater-ffce mesh 60 is fibrous » nature being somewhat analogous to steel wool. 
The slotted tube 72 has a litticetto appearance. The stoned tube 72 mar be eonstnreted. for example, by 
irradiating a thin-waled tube with a laser beam to form holes in the tube in the shape of polygons such es oblong 
qusdrtoterals. An unexpended, slotted tube 74 is shown in FIG. 10. 

FIG. 1 1 iiustrates another embodiment, in whidi a eoD 80 serves as the self-eipondiig mechanism. The 
coil 83 may be integrally formed with a first elongate mentor 82 or be otherwise specially joined to it. e.g. by 
welding or bracing the coll to the elongate member 82. The coil 80 is surrounded by e membrane 84 that expands 
wfth the coil when it is pushed out of a second elongate member 86. or alternatively, when the second elongate 
member 86 is retracted from the coil 80. Thus, the membrane forms a seal with the surrounding vessel 90. The 
membrane 84 may be attached directly to the first elongate member 82. or to a member 88 such as a disk that is 
in turn secured to the coil 80 or the first elongate member 82. A guidewira tip 92 for guiding the device through 
the vessel 90 may ba attached to the first elongate member 82 or to the member 88. if one is used. 

An embodiment similar to that shown in FIG. 11 is illustrated in FIG. 1Z h which the membrane 84 is 
secured at the proximal end to a separate sheath 94. In this case, the ahaeth 94 and the first elongate member 
82 are extended together over and through, respectively, the second elongate member 86. Assembly may require 
preloading the coil 80 through the distal end of the second elongate matter 86. 

Another embodinent thet emptors e self-expanding medium is shown in FIG. 13, h which a plurality of 
ribbons 100 nuke contact with a membrane 102 while they expand to urge the membrane towards the wall of the 
vessel 104 where h makes s seal. The ribons 100 of this embodiment are preferably secured to e first elongate 
member 106 at both ends of the ribbons, by. for example, gluing them in place. The ribbons may be 0.001-0.004" 
i 0.005-0.020* 1 0 .25-1.0- strips of Nitinol. stainless steel, or Efciloy™ which expend when urged out of the second 
elongate member 108. A guidewire tip 1 10 may be used for guiding the device through the vessel and is preferably 
secured to the distal end of the first elongate member 106. 

FIG. 14 Bustratos an embodiment similar to the one si FIG. 13. in when ribs 120 such ss wires form a 
series of semoailar arcs when they espand. The ribs 120 are surrounded by e membrane 122 that expands with 
the ribs to form a seal with the vessel 124. The number of rtos 120 is preferably et teest three. The ribs 120 ere 
preferably attached directly to a first elongate member 124 that is surrounded by a second elongate member 126. 
The rib j 120 themselves are preferably made ol a shape memory material such as Nitinol or stainless steel. A 
guidewire tip 128 aids in guiding the device through the vessel 130. 

As in the other serf -expanding embodiments, the self-expending mechanism 100 {1201 is in an unexpended 
state when enclosed by the second elongate member 108 (126). and expands whan pushed or pulled beyond the 
second elongate member 108 (126). 
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1 Hwt atttallj endndiiwm. 

FIGS. 12A and 12B Dustrato tew efectrieel muns ean be and to generate hut to expend in expansion 
member. A first elongate member 82' (and e eon 8ff which adjoins it. coil 80' and member 82' bung similar to their 
unprimed counterparts) is preferably made of best activated Mfiiol en iron bes. shape memory alloy, or another 
material that expands when exposed to heat. As shown in FIG. 12A. low profile, low resistivity electrical lines 81 
and B3 preferably pass either through or along the second elongate member 86 and are attached (e.g.. soldered) to 
the first elongate member 82' on either side of the coil OT. When current is appfad through the electrical ones 81 
and 83 (the power supply is net shown but is preferably outside the patient), the col 80' huts up through resistive 
hating, and the coil expends to urge the membrane 84 to contact the vessel wall 80. Alternatively, as shown ei 
FIG. 128. the first elongate member 82' may have e coating 85 of gold or silver. In this embodiment, the coated 
elongate member 82' is used to pass current (with most of the current preferably being carried by the coating 85. 
so that most of the energy is deposited in the col 801. with the circuit being completed with a low resistivity wee 
B7 that is preferably connected le.g, soldered) to either the second elongate member 86 or the sheath 94. This 
principle of resistive heating to expand a expension member can be applied to the other embodiments disclosed herein 
as wall. 

FIGS. 13A. 13B. and 13C illustrate how heat transfer using a fquid can deploy en expansion member. The 
ribbons 100' ere preferably made of heat activated Mittnol. en iron base shape memory eioy.Tr another material that 
expands when exposed to heat In the embodiment of FIG. 13A. a warm sain solution 107 is passed between the 
first and second elongate members 106 and 108 and then over the membrane 102. so that heat is transferred to 
the ribbons 100'. As the Aborts 100' heat up. they expand, thereby urgng the membrane 102 against the vessel 
wen 104. As arreted in FIG. 13B. the worm sasne sobtion 107 may also be pessed through the first elongete 
member 106 end then through holes 109 in member 106 so that the saline solution 107 moro directly transfers heat 
to the ribbons 100'. In this embodiment, one or more holes 1 1 1 in the membrane 102 Idistel to where the seal with 
the vesaei well 104 is made) may be used to allow the saline solution 107 to flow awey beyond the ribons 100* 
alter heat transfer to the ribbons occurs. As Iktstrsted in FIG. 13C. the sane solution 107 may also be passed 
through one or more closed loop coils or lumens 1 13 within the first elongate member 106. In this way. the ribbons 
100' end the patient's blood ere not exposed directly to any soknion. Using heat transfer can also be eppbed to 
the other embodiments disclosed herein, provided the expansion member is suitably constructed. 
L Mechanical de ployed embodimy mi 

Cither non-seff-eipanding sealing mechanisms that can be used for occluding e vessel ere described below. 
In the embedment of FIGS. 15-17. e first elongete member 140, preferably a pull wre. is (when the device is 
completely assembled) attached to a brace member 144 that is h turn attached to a first ring member 148. 
Adjoining the first ring member 148 end e second ring member 152 are a plurality of ribbons 156 that extend 
between the two ring members. Surrounding the ribbons 156 b a membrane 160 that forms a seal with the 
patient's vessel 162 when the rations are expanded. The membrane 160 is joined to at least one end preferably 
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both of the ring members 148 and 152. The membrane 160 ceo be jorad to only one ef the ring matters 148 
and 152. for eaample, whan the membrene 160 wends far enough in the longitudinal direction to permit the 
membrane to make a good seal with the vassal 162 whan the rdibons 156 are deployed. 

To assemble the device, ths first and second ring members 148 and 152. the ribbons 156. end the 
membrane 160 are placed as a una wound a second afongita member 166. wfadi has a pair of oppositely facing 
holes 170 and 172. The brace member 144 is waned through the holes 170 end 172 and secured to both the 
pull wire 140 end the tint ring member 148. Further, the second ring member 152 is secured to the second 
elangete member 166. This assembled configuration, with the ribbons 156 in their longitudinal orientation, is 
ftmrated in FIG. 16. As ikistrated « 06. 17. when the pud wire 140 is retracted, the ribbons 156 (shown in 
phanto ml and the membrane 160 that surrounds them are urged towards the vessel 1 62. where the membrene makes 
a seal with the vessel The ribbons 160 are preferably resilient enough so that they return to thee longitudinal 
oriemation when the pull wire 140 is released. The elasticity and resSenca of the putt wee 140 also helps the 
rttons 156 return to their undeployed configuration. A gukiew.e tip 171 may be used to assist in guiding the 
device to the desired location in the vessel 162. 

A preferred way of retracting the pull wire 140 is shown in FIGS. 18A end 16B. FIG. 18A shows the pull 
wire 140. which is attached to the brace member 144. A mutable handle 180 is attached to a locking member 
184 which in turn is fastened to the putt wire 140. When the lockng member 184 chars the second elongate 
mnmbe- 166 within which it resides (which is preferably outside the patent), the lockng member end rotatable 
handle 180 may be oriented es illustrated in FIG. 18B to keep the puB wire 140 taught thereby preventing the 
sealing mechanism from returning to its undeployed position. The pull wire 140 may be made of stainless or nitetol 
and may have a diameter of 0.006-0.008 inches, lor e catheter having an OD. ef 0.D14", for example. 

An alternative to the deployment apparatus illustrated in FIGS. 18A and 18B is shown in FIG. 19, ei which 
a handle member 190 is grasped by the clinician to retract the pud wire 140, thereby deploying the seaing 
mechanism, Once extended, the saakng mechanism preferably has the tendency to return to ha undeployad position, 
wbieh ii the process pulls the putt wire 140 back into the second elongate member 166. This can be prevented by 
insertinrj s spacer member 194 between the handle member 190 and the second elongate member 166. After the 
medical procedure is complete, and ocdusion of the vessel is no longer required, the spacer member 194 can be 
removed and the pull wee 140 end the seaing mechinism returned to their respective undeployed positions. The 
device can then be removed from tha patient. 

Although the principle of using a non-self-expanding mechanism has been Ikistrated in FIGS. 15-17 with 
respect to delormabia ribbons, other non-Mlt-aspanding mechanisms, as ikistrated n FIGS. 20A-20D. een be employed 
in conjunction wfth the brace member 144 and the first and second ring members 148 and 152. For example, 
instead gf using ribbons 1 56. a norvseH-eipanding braided structure 200 can be used, in which the braided structure 
200 adjoins first and second ring members 148 and 152 and is covered with a membrane 160 to form the unit 204 
shown in FIG. 20A. The unit 204 can be used in conjunction with en elongate member 166. e brace member 144. 
e guidewire tip 171. a first elongate member 140 such as a puU wire, a rotatable handle 180. and a lacking member 
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184 to form • device analogous to th. ribbon*.* device of FIG. 15. Alternatively, other meehenisms can be u>ed 
for aocurng tba pull wire 140. such a* a handle member 190 and a spacer member 184. 

Other non-setf-apandino mechanisms such as a flter-fto mesh 20B. a slotted tuba 212. and cods 216 can 
be used to iorm teats 22a 230. end 240 analogous to the fareided structure unit 204 es shown in FIBS. 208. 20C. 
and 200. Units 220. 230. and 240 can ikewne be used to construct devices analogous to the ribbon-based dome 
Itostrated in RGS. 15-19. Further, if unit 204 is used without a membrane, it may assist n blood perfusion if the 
braided structure 200 is surtafaly constructed. Ahematively. perforated membranes like membranes 36' of FIG. 69 
may ba used to permit blood perfusion. Although the ribbons 156. the braided structure 200. the filter-ike mesh 
208. the slotted tube 212. end the coib 216 must be actively deployed (e.g. with e pull wire 140). they ere 
neverthaiess sender to their self-Mpandhg counterparts. 

It should be understood that the scope of the present invention is not be fanned by the festrations or the 
foregoing description thereof, but rather by the eppended claims, and certein variations end modifications of this 
invention wiH suggest themselves to one of ordinary ski in the art. 
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WHAT IS CLAIMED IS : 

1. A device for occluding a vascular segment, conprong: 
an expansion member; and 

first and second elongate members, wherein said first elongate member engages said expansion member and 
said second elongate member engeges said first ebngata marcher, said expansion member expanding to at least 
partaly occlude the vascular segment when one of said elongate members o moved longmrihaly. 

2- The device of Claim t. further cornprarag o material that adjoins said expansion member lor 
creating a sea) with the vascular segment. 

3. The device of Claim 2. wherein seid material does not completely encapsulate said expansion 

member. 

4. The device of Claim l f wherein said expansion member is a filter-Ike mesh attached to en 
indentation wit hit said first donga to member. 

5. The device of Clain I. wherein said expansion member is in en unexpandad state when it is 
surrounded by said second elongate member. 

6. The device of Claim 5. whereet seid expansion member expands when said first elongate member 
is pushed through said second elongate member. 

7. The device of Claim 5. wherein said expansion member is self-expanding. 

B. The device of Claim 7. wherein said serf-expanding member comprises a member selected from the 
group consisting of a braid, e coi a ribbon like structure, e slotted tube, e pfairakty of ribs and a fiter-like mash. 
9. The device of Claim 1. wherein said second elongate member b elso secured to said expansion 


member. 

10 

retracted. 

11, 


The device of Claim fl, wherein said expansion member expands os said first elongate member is 


The device of Claim 9. wherein said expansion member comprises a member selected from the 
group consisting of a braid, a pbralrty of cois, a ribbon-like structure, a slotted tube, and e fiter-like mesh. 

12. The device of Ctarn 9, wherein said expansion member expands as the rdatrve position of said 
fx st and second elongate members changes. 

13. A method of occluding a segment within a vessel comprising: 

. inserting first and second elongate mambars into the vessel wherein the first elongate member adjoins en 
expansion member: end 

varying the position of at least one of the elongate members so that the expansion merrier expands unti 
the vessd is occluded. 

14. The method of Claim 13, n which said vervsig step comprises retracting one of the elongate 

members. 

15. The method of Claim 14. in which sad retracting one of the elongate manners cau ses the 
expansion member to expand. 
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16. The method of Claim 14, in which the axpansjon member adjoins both eJongoto merrtwrs, and the 
relative position of the elongate members b varied to expand tha eipansion rmmbtr until tha vessel is occluded. 

17. The method of Claim 13, in which said varying step comprises pushing one of the elongate 
members through the other elongate merrier. 

18. The method of Claim 13, further corrprising: 
performing a medical procedure near the ocduded site; and 
retrieving the elongate members and the expansion member from the vessel. 

19. A method, comprising: 
inserting an expansion member within the vesset and 

heating the expansion member to cause it to expand unti the vessel is at least partially occluded. 

20. The method of Claim 19, in which the expansion member is comprised of a material selected from 
the group consisting of heat activated Nitinol and an iron base shspe memory alloy. 

21. The method of Claim 19, in which said heating the expansion member comprises passing electrical 
current through it. 

15 21 Th8 ""t' 100 ' of Cb ™ 19 ' « ^ich said heating the expansion member comprises flowing warm 

sobjtion near the expansion member to heat up the expansion merrier. 
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